Synergistic stimulation of the Ca2+ influx in rat hepatocytes by glucagon and the Ca2+-linked hormones vasopressin and angiotensin II.
Glucagon was added to isolated rat hepatocytes, either alone or together with vasopressin or angiotensin II, and the effects on the initial 45Ca2+ uptake rate were investigated. Addition of glucagon alone which increased cyclic AMP content of the cells slightly increased the initial 45Ca2+ uptake rate. When glucagon was added together with vasopressin or angiotensin II--both of which when added separately increase the initial 45Ca2+ uptake rate but did not affect the cellular content of cyclic AMP--the measured initial 45Ca2+ uptake rate was larger than the sum of that seen with each hormone alone. This indicates that glucagon and Ca2+-linked hormones synergistically enhanced the Ca2+ influx in rat hepatocytes. These effects of glucagon can be mimicked by dibutyryl cyclic AMP or forskolin, suggesting that cyclic AMP augments both the resting Ca2+ and the vasopressin- or angiotensin II-stimulated influx. Measurement of the initial 45Ca2+ uptake rate as a function of the extracellular Ca2+ concentration indicated that the increase in the Ca2+ influx resulting from single or combined glucagon and vasopressin administration occurred through a homogeneous population of Ca2+ gates. These hormones were found to raise both the apparent Km for external Ca2+ and the apparent Vmax of the Ca2+ influx. The maximal increase in these two parameters was observed when the two hormones were added together. This suggests that glucagon and vasopressin synergistically stimulate the same Ca2+ gating mechanism. The dose-response curves for the action of glucagon or vasopressin applied in the presence of increasing concentrations of vasopressin or glucagon, respectively, showed that each hormone increases the maximal response to the other without affecting its ED50. It is proposed that glucagon and the Ca2+-linked hormones control the cellular concentration of two intermediates which are both necessary to allow Ca2+ entry into the cells.